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PLEXIB^ESWACE 



The invention relates to oilfield dovpihole opa:ations. More particularly, the 
inventioa relates to a swage device for refojiimig a defoimable junction in a deviated 
wcllbore. 



As is well known to those of skill inj the art, refonnable deformed junctions 
have been known to the oilfield art Tbebepefit of a deformed junction is that the 
junction is easily transported through the caking of a wdlbore or an open hole wellbore 
to its final destination at a junction betweeoj a primaiy and lateral borehole. Once the 
junction is properly positioned, it is refonn^ into a Y-sihaped junction to assist in 
completing the wellbore. In the fidly refon|ed condition of the junction, the out^ 
dimeosioiis are generally greater than Ae inpde diameter (ID) of the casing or open 



hole. Thus, of course, it would be rather difficult to instaU the junction in its 
undefonned condition. Many methods have been used Co reform the deformed junction 
in the borehole. One of the prior art methods has been to employ a swaging device. 
Swaging devices generally comprise a conical or frustoconical hardened member 
having an outside diameter (OD) as large as possible while being passable through the 
wellbore casing or the open hole. This swage is forced to travel through a previously 
positioned deformed junction v/bmby the junction is reformed into an operational 
position. Where the junction is located in a vertical or near vertical wellbore, setdown 
wd^t alone often is sufficient to generate the approximately 100,000 pounds of force 
required to reform the junction. Where the deformed junction is being placed in a 
highly deviated wellbore or a horizontal wellbore, however, setdown wd^ might not 
be sufficieiit to f<Hce the swage device through the juxiction. In tfiis events <Hie of skill 
in the art will lecognize the hydraulic proceduiie alternative to setdown This 
hydraulic pioceduie includes an expan5i(m joint located above the swage device^ a drill 
tube ancbor located above the expansion joint, and a ball seat located below the 
expansion joint such fhat by droiqnng a ball, pressure can be q>plied to die tulmig 
string. This applied pressure forces the expansion joint to expand downhole^ whidi in 
turn forces <he swage device Ifarou^ the junction, Expandon joints are well known in 
the art, as are anchors and ball seats. 

As also will be recognized byoneofordinaiy drill in the art, there is a 
significant drawback to the prior art swagiiig devices. Themetaloffhejunctionhasa 
certainamoont of resilience such that after the swage device has been forced throuj^ 
the junction, lefbrming the same, the junction itself will rebound to a smaller ID Aan 
the OD of the swage device by several diottsandlhs of an inch. Because of the rebound 
it requires nearly as much lifting foioe on the sw^e device to remove it from the 
wellbore as is needed to initially force the swage through the deformed junction. This 
can be as mudi as 1 00,000 pounds. Although a drillir^ tig can easily pull ten times this 
wei^t, in a highly deviated or horizontal wellbore, tibe friction created on ttie curvature 
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of the weQ can be higjb enou£^ to absoib 8ll[of the force impailed at the sur&ce and 
leave none available for tbe swage. Thus, t|e tool is stuck. The amoimt offeree 
necessaiy to pull the swage daough the newly refonned jimcticm can also be sufficient 
to damage other well tools or junctions. Suf h damage can of course cost significant 
sums of money to repair and require signifi<|ant time both to diagnose and to repair. 
Thus» the art is in need of a swage device thpt does not cany the dxawbaxdcs of the prior 
ait. 



The abov^-identified drawbacks of t^e prior art are overcome or alleviated by 
the flexible swage device of the inventim. • 

The invention avoids the above set fi^rth drawback by creating a two-part swage 
device coBaprising a siqiport and a swage a^. The support is engaged with the swage 
ciq> during the swagjr^ operation. Hie swa^e cup is moved>ie such that after die 
swaging operation is complete^ die swage cu^ can be moved to apodtion wbm it is 
unsqiported by the support and is ifaertfoie ^owed to deflect several thousandths of an 
indi toward the mandrel. Hiis deflection wi|l significantly reduce diag on the swage 
cup througlh the refmned junction (and any ^ther junctions uphole of the subject 
junction) during removal of fhc swage device from the wdlbore. In an alternate 
anbodiment> the swage cup contains longitudinal slots cut into it to unpast increased 
flexibility characteristics to the swage asp, the flexible swage device of the invention 
is employable in place of a conventiona] swa^, the iuncdon of which being fiilly 
assimilated in the invention. i 



Referring now to the drawings wherein like elements are numb^ed alike in the 
several FIGURES: 

FIGURE 1 is a side view of the invcnjion in the swage po^on; and 
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FIGURE 2 is a side view of the invention \rfierran the swage cup has been 
sbeaied to a second poatioD. which is the retrieving position; 

FIGURE 3 is a cross section view of a second embodimeot of the invention; 

FIGURE 4 is a perspective view of the swage ciq>; and 

FIGURE 5 is a perspective view of an alternate embodiinent of flie swage cup. 



Refeiring to Figure 1. a flexible swage in the swaging posilion is shown 
generally at 10. The invention is Ulustrated mounted on a niandrd 11 by a regular 
threaded connection 12 and a plurality of set screws 14. Each se4 screw 14 is received 
inagroove 16, the combination ofwhich with screw thread 12 prevents movemcot of a 
support 18. Support 18 is preferably a ftustocomcal annular dement of a single piece 
althoughmnltiple pieces could beiisedtoachievetheiBsultoftheiiimil^ Support 
1 8 is provided with at least one port 20 (preferably several porU 20) that exits support 
18 uphole of a point of contnct of the swagft device with the inner waU of a junction 
beingdefomed(i»ot shown). Fort 20 also intersects a boie 22 ofwhich 4ere may be 
several and prefefably wiU be as many as there are ports 20, which extends through 
support 18toadowDholeeod24th«rBof. Bore 22 is open to ammlar space 26 as 
nittstiated. As should be understood, there m^ be several bores 22 that opai into 
annular space 26. Support 18 can be seen in the dia™nngr»ff«l)to™^8>y'«=^^ 
and siqiport a swage menber 27. 

Referring now to Figure 4, one embodiment of the swage member of the 
invention is shown separately fixwn other conaponents of the invention. Tbn swagp 
memberismBnaaBed27. Swage member 27 comprises a swage cup 28 and a swage 
base 30 and is a fiustooomcal annular element prefisably of a single piece. Alternately. 
multiplepiece$couldbeusedtofoimswagpmember27. In cither case, swage cup 28 
extends upwardlyandoutwarflyfiomswagecupbase 30. A hole 29 extends axially 
through sw^ge cop 28 and swage cup base 30 and is of a Size sufficient to allow swage 



member 27 to receive mandrel 1 1. Aq iq>^Ie end 33 of swage ci?) 28 is substantially 
hoUowed out and confignred to matingly sjcoommcdatc support 18, thereby pieveoting 
the dellectioa of die outer perimeter of swige cop 28 toward maadrd 11.' 

Tuniiiig iKW to Rgure 5, an alterable embodimeirt of ti» swage manber of 
inventioii is iUustrated generally at 227. ijiis alternate embodiment comprises swage 
cup 228 and swage cup base 230. Swage<iup22SisstiUofagaicraByftustocoiiical 
shape and is stiU preferably £d>ricated froflji a siaglepiece of material, as in the previous 
enbodimenL However, swage cap 228 cojitains a phuality of longitudinal stots 235 cut 
therein and eacteadrng toward swage cup bjse 230. Slots 235 render swage cup 228 
mcMe flexible than the first desoibed cnibcjdiment. The ffcaier flexibility, it will be 
understood, is doe to fhekerf width of slotj 235. Since it is possible duiiqg 
compression of swage cup 228 to "close- tjie kiaf of slots 235, a greater reduction in 
the outside diameter of swa^ ciq> 228 is aijhiev^le. Slots 235 mains retrieval of the 
tool easier without conipRmiisir« the swa^g action of the tool in the first Instancei 

Refening tack to Figure 1. swage 0(9 base 30 includes bore 32 open on a 
downhole end 34 of srn^e cup base 30 to tjie well fluid downhote of a contact area 31 
of swage cap 28 with the inside dimension pf a deforaiable junction 33 (shown in 
phantom lines). Bore 32 extends to an uph^le end 36 which communicates with 
annular space 26. Annular qwcc 26 eosurefconminmcation between b«e 32 and boie 
22 flius effecting throughi>assage of wdl flpids fiom below contact sea 31 of swage 
cup 28 wife the inside dimension of defomuble jimctioD 33 (effectively a metal-to- 
metal seal) to the oudet of port 20 above cojjtact point 31. A means ibr fluid flow 
(such as bore 22) through swage 1 0 is neccsjsaiy to provide an ouUet ibr the build np of 
fluid pressure downhole of swage cap 28. 0y providing a bore tfaion^ swage cq» 28. 
the conditions allowing for the formation of,thi$ hydraulic lock under swage cap 28, 
which would otherwise hinder and possibly jwevent movement of swage 10 through die 
junction, are defeated. j 

Swage 09 28 and swage aq) base 3() are located on mandrel 1 1 by shear screws 



38 only. Swage cup 28 and swage cup base 30 are preferably a single annular 
coiiq)onenl that is slideablc along mandrel 11. Tbexefore, some means of holding 
swage cup 28 and swage cup base 30 in the swaging position on support 1 8 is needed 
for the invention to function as intended. One embodiment of such means is tfaioug}i 
the use ofshear screws 38, which arc received in groove 40, It will be recognized by 
one of ordinary skill in the art that since shear screws 38 arc the only means in this 
embodiment which hold swage 28 and swage cup base 30 in place, swage cup 28 
and swage cup base 30 may rotate 360' around mandrel 1 1 relatively freely. The 
significance of annular space 26 di«i is to ensure that bore 32 is in fluid 
communication with bore 22 regardless of tfie orientation swage cup 28 and swage cup 
base 30 have relative to stqjport 18, 

In the condition shown in Figure 1, one of ordinary skill in the ait will 
appreciate that as swage 10 is forced downhole, it wll quite cflTectivclynsform a 
deformed juncHon simaarly to prior art swages. Once the reformation is con^lete and 
it 18 desirable to remove swagp 1 0 fiom the wtSOMt, an upward puU is necessary- 
Referring now to Figure 2, i?Km pulling tiw tool in the upwa^ 
swage cup 28 will contact the inner walls of the junction due to the resilience of the 
junctim as ifiscusscd hereinbefore. The pressure on point 42 will tend to prevent swage 
10 fiom moving uphole. Tliis force is translated Ihrou^ swage cop 28 and swage cup 
base 30 to screws 38. whiA win then shear under that fiarcc. OneofddUintheaitwai 
recognize that the particular amount of force required to shear screws 38 is 
enginoerablc in advance and shodd be matched to an appropriate 
indicatethatwithdrawalofthctoolisdesiied. Upon shearing ofscrews 38, swage cup 
base 30 and swag^ cnp28 movedownhole unffldowohob end 34 of swage debase 30 
isincontactwithanupholeend44ofaswagesl<v46. It diwild be briefly noted at thb 
point that swage stop 46 is connected to mandrel 1 1 via a reg^ 
plurali^ of set screws 50. Swage stop 46 further inchides an o-iing 52 to seal swage 
stop 46 against mandrel 11. 
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Upon shiftiiig swage cup 28 and swige ciip base 30 downbole into contact wilh 
uphole end 44 of swage stop 46, a gq) 54 is! fonncd between swage cup 28 and support 
18. Because of gap 54, continued pulling op swage 10 causes swage cup 28 to deflect 
inwardly toward mandrel U to a degree whidi is sufficient to allow swage member 27 
to slide tfarougji the junction. The deflectiofp of swage cup 28 is typically several 
thousanddis of an inch. Gap 54 maybe as ^nall as several thousandths of an inch, or it 
maybe larger. The deflection of swage 28 will merely be what is necessary for swage 
10 to move Haou^ die junction at a significantly reduced force as it is being 
withdrawn fiom the weU. 

hi a second embodiment of die inveiition, referring now to Figure 3, the general 
mode of operation of the swage remains thc;samc, but die way in vfbich it is earned out 
is sli^y ctifiocnt Since each of the comppnents of this embodiment is shglitly 
different than each of their counterparts m tlje first described embodiment, new 
numeials are used for each. 

A mandrel 1 1 1 supports a sws^e 1 1 Q, which is activated through the movement 
ofmandrelin. In the nmning position (shqwnX a swage ring support 114 ism 
position to sappott a swage ring 1 16, Both ring support 1 14 arid swage ring 1 16 
m this embodiment "flo at*" on mandrel 1 1 1 ^ue., fliey ar« not attached to mandrel 111). 
At die iq)hoIe end of mandrel 1 1 1, swage rin^ support 1 14 is prtvented fiom moving 
further i9)hole by a retaimng ring 118. RetaJjung ring 11 8 is Oreadedly connected to 
mandrel 1 1 1 by a thread 120 and prevented ^om moving on thread 120by at least one 
set screw 122, which is received in a groove J24. fa a preferred embodiment, mandrd 
1 1 1 is "turned down" to form a shoulder 126;extending to the downhole end of swage 
110 and is configured such Aat retaining rin^ 118 firmly abuts shoulder 126. 
Configuring mandrel 11 1 to contain $houlder| 126 provides more annular space between 
the 'turned down'* surface of mandrel 1 1 1 anji the bordholc or junction so that thickex 
swage components may be used- The 'turn dpwn** of shoulder 126 also lends extra 
stability to retaining ring 1 1 8. 
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Swage support 114 abuts reUming ring 1 18 at interface 130 and includes fluid 
bypass 132. Support for swage ring 1 16 is along interface 134, As a unit, support 1 14 
and swage ring 1 1 6 function as their counterpaits did in the previous embodiment and 
indeed as do fliosc of the prior art to reform a defonncd junction. It is with the recovery 
of swage 1 1 0 that its xmique construction is evident and beneficial. It should be noted 
that swage ring 1 16 includes at least one fluid b>pass conduit 138 that conuDunicates 
with an annulus 140. 

Downholc of swage ring 1 16 is a shear ring 142. Swage ring 1 16 abuts shear 
ring 142 at interface 1 44. Shear ring 142 is prevented fix>m longitadinal movement on 
mandrel 1 1 1 by a plurality of shear screws 146, '^rtiich extend into groove 148 on 
mandrdlll. Shear ring 142, togeOer with retaining ring 11 8, maintains swage ring 
support 114 and swagering 116 in the operative running and refomiingp JX 
should be noted that slots ISO are provided cm bodi the vphole and downhole sides of 
shear ring 142 in a preferred embodiment While only the uphole end of diear ring 142 
requires dots 1 50 to allow fluid bypass, placing stots 1 SO on bodi ends avoids the 
possibility dial swage 110 might be assembled backwards. 

At die downhole end of swage 1 10 in Figure 3 <i.e.> the right side of the 
drawing a dual Amotion no sc swage 1 52 is Oreadcdly attached to mandrel 1 1 1 at a - 
thread 1 54 and lodced in place by at least one sti screw 1 56 recdved in groove 1 58. 
Nose swage 1 52 acts to prevent Aear tmg 1 42 ficom filKng off the end of mandrd 1 1 1 
after shear screw(s) 1 46 are sheared and also acU as a pie-iefomung swage to open up 
tightly deformed junctions. 

h the operational condition, with shear scicw(s) 146 intact, tiie space between 
q>hole end 160 of nose swage 152 and downhole end 162 of shear ting 142 is 
preferably sufficient to aUow foil shearing of shear scrcw(s) 146 by iHqilaccmcnt of 
shearring 142 in the downhole direction before (he noted surfaces touch. Tins prevents 
a partial shearing condition whidi may impede pcrfomaancc to some degree. The partial 
shearing, however, should not completely prevent swage 1 10 firom performing. 



Once swage 1 10 has been fbiced th^ou^ Che junction being lefonncd it will be 

withdrawn or pulled upfaole. hi die event tljat the swage encounters significant 

I 

resistance, the features of the invention wil^ be set m motioii. Since bofli (he swage ring 
support 114 and swage ring 116 are not ocxfoeded to mandrel 111, resistance provided 
by the deformed /miction is translated directly U> shear scfew(s) 146. At a 
predetermined amount offeree, settw{t) i4fi will shear and allow mandrel 1 11 to move 
vpholt. M this point, support 1 14 has not tjeen moved relative to swage ring 1 16. 
Thus, the ftictional engagement theTebetwe|ai is rendered independent and not 
cumubtive with respect to the amount of f(^ necessary to shear scfew(s) 146. Upon 
ttic movement of mandrel 1 1 1 uphole, a snsjp ring 1 64 impacts a shoulder 1 66 on 
support 1 14 and will move siq)poit 1 14 out pf its si^jport position under swage ring 
116. This, as in the previous embodiment, fllows swage ring 116 to flex, ther^y 
allowing swage 110 to be retrieved. Bti pracpc^ the disengagement of aq>port 1 14 wifli 
swage ring 1 1 6 is assisted by a jarring actii^ Oat oomaally results fiom the sodden 
shear of screw(s) 146* it dioidd be noted, hjmcver, that a straig^ pull on swage 110 
would also dislodge support 114 fiom swage ring 116. Thejamming action is a likely 
mode of operation; however, it is not a requ|red mode of operation. Ovoroming Uie 
fiiction gcna^ated by flexible swage ring 1 1$ being urged into contact wifli si^pott 114 
as a result of contact between the swage lin^ 1 16 and inno* walls of the junction is all 
that is necessary. After shearing, swage ring 116 and shear ring 142 will rest on nose 
swage 152 while siqjport shoulder 166 will ^est on snap ring 164. In this condition, 
support for swage ring 1 16 is not available apd it is free to flex allowing swage 1 10 to 
be recovered fiom the junction. Commonly^ the flexing that will occur is into a slight 
oval sh^. 

It should be ^reciatcd ttiat in both ^mbodinwnts of the invention the shear 
release or other release mechanism may not ^ used in all conditions. Swage 10 may 
pull throu^ the junction without needing to>e flexible. Because these tools 
incorporate the invention, the tools are rctric\red whether or not swage 10 gets stuck in 
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the junction. If swage 10 docs get stuck in the junction, shear scfew(s) 146 will shear 
continued pickup of swage 10 and swage 10 will operate as hereinbefore described. 

While preferred embodiments have been shown and described, various 
modifications and substitutions may be made thereto. 



CLAIM 1. A flexible swage for refomiing a defonned junction in a weUbore 
conqxitiog: 

a siqtport iocatable on a mandrel; apd 

a swage member moveable on said pandrel into a position where said member 
is supported by said soppoit and aposition|wfaeie said member is unsupported by said 
sivport, said member being deflectable whjsn in said unsupported position. 

CLAIM2. A flexible swage as claimed: in Claim 1 wherein said swage member is 
raidesed temporarily nnfladble 1^ a defeal^le conditioa. 

CLAIMS. A fledble swage as claimed;in Claim 2 wlKaein said defeat 
is at least one diear screw. 

CLAIM 4. A flexible swage as cWmedjn Claim 1 wherein said swage finflier 
comprises a swage slop mountable to said flinndreL 

CLAIM 5. A flexible swage as claimed Claim 1 wherein said flexible swage 
fiother compris« a flow path through said Support and SM^ 
pass diroagh said flexible swage. ; 

CLAIM 6. A flexible swage as daimed fn claim 1 wherein said swage member 
comprises a substantially fiustoconicaUy-shaped element having a hole disposed axiaUy 
dierethiough, said hole beiqg dimensicmed t^ recdve sa^ mandrd flieredmm^. 



i 



-12- 

CLAIM 7. A flexible swage as claimed in claim 6 whcsm said swage member 
contains a plurality of slots bngitudinally di^sed therein, said slots imparting 
flexibility characteristics to said swage monber. 

CLAIM S. A flexible swage as claimed in claim 7 wherdn said swage member is 
fc^ed from a single piece of material, thereby making said base portion and said 
longitudinal elements a single contiguous member. 

CLAIM 9. A flexible swage as claimed in Clafan 1 wfaerdn said flexible swage 
fiutber includes: 

an expansion sub located bI<hi£ said mandrel nidiole of said swage member; 
an anchor uphoie of said eiqtansion sub; and 

a ball seat located internally of said niandrd and downhole of said expanaon 

sob. 

CLAIM 10. A flexible swage as claimed in Claim 4 ^ndierein said stop is a pr&* 
refonniiig swage. 

CLAIM 11. Anietiiod forrefoximngadefomtiedjmicdonfor awcllborecomprism 
urging a swage meniber supported by a sqypoEtduough said junction; 
picking iq> on said swage; 
defeating a defeatable memben 
unsun>oiting said swage member; and 

witfadiawing said swage mmber and said supp<»t fiom said wellbore. 

CLAIM 12. A method as claimed in Claim 1 1 wheidn said method fbrthw 
ctxnptises deflecting said swage member. 



-13- 



CLAIM 13. A method as claimed in Clajra 1 1 whesem said defeating is shearing. 

CLAIM 14. Ametfiod as claimed in da^n 11 whcrem said defeating is a two step 
process. 

CLAIM IS. A method as claimed in Qaib 14 viieran said two stq> process 
comprises shearing and overconuDgfricdoii between said siqjpoit and said swage 
member. 

CLAIM 16. A method as claimed in Claiin 14 wherein said nvostcp^ 
indcpendMt 
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